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SUMMARY

Supersonic aerodynamic tests were conducted in the Langley Unitary
Plan Wind Tunnel to determine the effects of wing fillet and canard
mod{fications on the longitudinal and lateral-directional characteristics
of a_140A/B Space Shuttle Orbiter configuration.

The significant effect of the modifications was to reduce the static
Tongitudinal stability. The modifications also provided slight stabilizing
increments in directional stability at high angles of attack.

A1l of the modifications moved the trimmed center-of-gravity location
forward relative to the baseline configuration, and'the increments decreased
with increasing Mach number. The largest forward center-of-gravity
increment was obtained for the large canard which provided a 2.5 percent
of length extension of the orbiter center-of-gravity envelope.

INTRODUCTION

The Tongitudinal center-of-gravity range of the Space Shuttle Orbiter
for trimmed flight during entry, approach, and landing is quite limited.
This guts a considerable constraint on the allowable mass distribution of
shuttle payloads. In an effort to extend the orbiter center-of-gravity
envelope, a study was undertaken at the Langley Research Center to determine
the feasibility of developing simple, "bolt-on" modifications. Modifications
which were studied included changes in fuselage nose shage and wing fillet
planform and the addition of fixed canard surfaces. Systems design analyses
were undertaken to determine the weight penalties (ref. 1), and aerodynamic
heating tests and analyses provided information on the impact of the
modifications on thermal protection system requirements (ref, 2). Wind-tunnel
force and moment tests were conducted across the speed range to assess the
effectiveness of the modifications in extending the center-of-gravity
envelope and the influence of the modifications' on flight characteristics.
Hypersonic aerodynamic characteristics of the modifications are presented
in references 3 and 4, and transonic characteristics in reference 5.

The purpose of this paper is to present the effects of planform fillet
and canard modifications on the aerodynamic characteristics of the 140A/B
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orbiter configuration at Mach numbers from 2.5 to 4,6, This Mach nhumber
ranga 1s of significance since the most forvard center-of-gravity lotation
for the Space Shuttle Orbiter confiquration is defined by the Tongitudinal
trim capabi1ity at a Mach number of approximately 6. The {nvestigation was
conducted in the high Mach number test section of the Langley Unitary Plan
Wind Tun%el at Mach numbers of 2,5, 3,95 and 4.6 for d Reynolds number of
2.2 x 10" based on fuselage reference lcigth, The angle-of-attack range
extonded from approximately «10 to 310 at sides1ip angles of 00 and 59,

SYMBOLS

The aerodynamic data are presented about the body system of axes
with only the 1ift-drag ratios presented about the stability axes. A1l
the aerodynamic data contained herein were nondimensionat!:ed using the
baseiine model values for wing reference area, span, and mean aerodynamic
chord, The moment reference point {s located at 65 percent of the fuselage
reference length (1.e., 21,38 em (8.42 in.)) aft of the model nose. Values
are given in both SI and US Customary Units. When two symbols are listed

for an aerodynamic coefficient, the second symbal applies to the computerized
tabulation of coefficients in_the appendix,

A aspect ratio
b wing span, 23.79 em (9.37 in.)
o mean aerodynamic chord, 12.06 cm (4.75 in.)
CpsCA axial-force coefficient, 21l force
U Opef

CpysCD drag coefficient, 4rag_force

Yo Opof
CL,CL 1ift coefficient, 1ift force

o “pef
Cy»CBL rol1ling-moment coefficient,’?ﬂlgﬂﬂnmgmgﬂﬁ
) w “pof

AC

CQB K"%’ R = 0°. 59, per degree
C_,CLM pitching-moment coefficient, Pitching moment
m qu‘ Sref c

e ot




normal_force
% Spef

yawing-moment coefficient, xéﬂlﬂﬂ,mgmggg
% Spef 0 __

normal-force coefficient,

AC
Kwﬁﬂ' g8 = 0%, 5°; per degres

side=force.coefficient, 5199§f9££§
% Sref

A CY
AB

) g8 = 0°, 5% per degree

11ft-drag ratio

fuselage refererice length, 32.77 cm (12.90 in.)
Mach number

free-stream dynamic pressure, Newtons per meter? (1b/ft2)

free-stream Reynolds number based.on Lpef

wing refererce area, 0.02 m (0.27 ftz)
model stations, cm (in.)
angle of attack, deg

sideslip angle, deg . ._.

body-flap deflection angle (positive for trailing edge
down), deg. '

elevon deflection angle (positive for trailing edge down), deg.
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8ep split-rudder flare angle (positive for trailing edges

deflected outhoard), deg,

Model Configuration Components:

B WVS,EF baseline 140A/B orbiter configuration

By baseline. fuselage forebody

Cq small canard with flat-plate airfoil sections

C4 large canard with flat-plate airfoil sections

E basel.ine elevon

F baseline body flap

So baseline planform fillet

52 :Zl;ﬁg modification having planform geometry similar to a
) baseline vertical tail

W ggszggne wing (outboard panel) having a leading-edge.sweep

APPARATUS AND TESTS
Mode!

Geometric details of the model used in the wind-tunnel investigation
are shown in figure 1 and table I with model ghoto?raphs in figure 2. The
baseline configuration (fig. 1(a)) was an 0,01-scaie model of the Rockwell
International 140A/8 Sgace Shuttle Orbiter configuration described in
reference 3, The model had a removable forebody and removable components
in the wing planform fi1let region which allowed geometry modifications.
The modifications shown in figures 1(b) and 1(c) consisted of one wing
planform fillet configuration, Sp» and two canard configurations, Cy

4
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and C,. Al confiqurations of the present investigatfon incorporated a
split-tudder flara anqle of 55 .

The 1ead1ng edge of the S fillot modification produced a ptanform
shape very similar to a strake (fia, 1(b)). Fillet S2 had o leading-edge

sweeﬁ1ang ¢ of 67.4 extending outboard to yo = 3,504 cm gnd xo = 12,929 cm,

At this point the fillet leading-adne sweeg increased to 85", and the
effective fillet intersection with the outboard wing panel was the same as
for the baseline fillet (Sg) intersection, The streamwise sections of this
modified fillet were faired with the outboard wing panel .and had leading-edge
radii identical to those of the baseline fillet, Sp.

Canards C3 and C4 (fig. 1{c)) had flat-plate sections with. rounded . .

leading edges and sharp tra111ng edges. The leading-edge- sweep angles for
canards C3 and Cq were 55,0 and 54.7°, respectively. The trailing

edges of canards C3 and Cq were formed by ¢ircular-arc _segments having
radii..of .5.245 em ‘and 6.217 cm, respectively.

Tests

The investigation was conducted in the high Mach number—test section of
the Langley Unitary Plan Wind Tunnel (ref. 6) at Mach numbers of 2.5, 3.9%
and 4,6, Free-stream Reynolds number (based.on fuselage reference length)
for the investigation wasoapproximaﬁe1¥ 2,2 x 106, Test angles of attack
were varied from about -1° to 31° at 0° and 5° of sideslip. An internally
mounted six-component strain-gage balance was used to measure aerodynamic
forces and moments acting on the model. Corrections have been applied to the

angles of attack and sideslip to account for sting-and balance deflections
produced by aerodynamic loads on the mode].

Transition strips were located behind the leading edges of all model
components using singly $paced Carborundum grains having a nominal grain
diameter of 0,061 cm. The streamwise locations of the transition strips
were 3,05 cmi behind the fuselage nose and 1.02 an  behind the leading
edges of the wing planform fillets, canards, wing, and vertical tail.

RESULTS AND DISCUSSION

Aerodynamic data obtained in the present study are tabulated by run
number in the appendix which also includes a Data Set/Run Number Collation

Summary (table II) to expedite the location of data for a particular
configuration and test condition.

Longitudinal Aerodynamic Characteristics
The longitudinal aerodynamic characteristics for the baseline orbiter

configuration, BWVS(EF, are shown in fiqure 3 for two sets of control
deflections: oy = 40", Ogp = =11,7° and S, = 10°, Sgr = 16.3".




Effects of the various conf1gurat10n modifications are presented in
figures 4 to 6 and may be indexed as follows:

Effact of modification Figure
S, fillet |
C, canard 5
C4 canard 6

Effect of planform filiet reshaping.= Replacing the baseline planform
fillet, Sg, with planform et fig. 4) produced slight increases in
Cny accompanied by significant redugtions in Tongitudinal stability levels
over the Mach number range of the investigation. Also noted were slightly
increased L/D values attributable to planform fillet So.

Effects of canards.- Addition of the two canards C. and C (figs. 5
and 6, respectively) also produced significant destabjlig1ng shif%s in the
pitching-moment coefficient with Cq» the large—canard, producing the largest
increment, Lift-to-drag ratio incréments due to both canards were insignifi-
cant at a Mach number of 2.5. The C, canard proviged sljghtly increased
L/D values at angles of attack from gpproximate1y 9~ to 24” at the higher
Mach numbers investigated for Jo = 100, &gp = 16,3°., The large canard C
produced slight increases in L/% at M= 3,95 and 4.6 for moderate angles
of attack for both the negative and positive longitudinal control deflection
conditions investigated.

The addition of canard. C3 resulted in aerodynamic characteristics

similar to those noted for the configuration with the Sﬁ fillet modification.
er

The selection of one of these two modifications should. therefore depend on

other considerations such as aerodynamic heating and effects on aerodynamics
at other speeds,

Effects of modifications on forward c.g. trim capability.- The effects
of the modifications tc Fhe T40A7B orbiter con?iguratgon in %erms of center
of gravity (c.g.) forwa.' vovement are summarized in table III. The C.g.
lTocations herein were determined for nominal angles of attack representative
of entry flight conditions. To achieve conservative forward c.g. limits with
the controls set at their maximum nose-up trim conditions (Se = -400,
6BF = -11,70) the nominal angles of attack were incremented =40 and a
Acwdimargin of -0.015 was used, For the analysis of the aft c.g. trim
co

tions (e = 10°, &BF = 16.3°) a AC, margin was not required since
the controls are not set at the maximum va ues.

A1l modifications shifted the trimmed c.g. locations forward with the
increments decreasing with increasing ilach number. The large canard
modification, c%. provided the largest c.g. shift 22.5 percent of body
length) at M = 4,6, The planform fillet modification was also
considered effective with a 2.0 percent increment at M = 4.6, The small

33 ganard modification resulted in a forward increment of 1.0 percent at
= 4,6,

6




Lateral=Directional Aerddynamic-Characteristics

The effacts of planform fillet modification Sp» and canards €3

and C4 on the lateral-direcgional agrodynamic characteristics of the
baseline configuration with ¢ " =40° and Ope ® 11,79 (forward trim
condition% are prasented in figure 7 and'figura 8 for the aft trim condition.
In goneral, the f{11at and canard modifications increased the directional
stability at the moderate~-to-high angles of attack investigated with the
incremants decreasing with increasing Mach number, S11ght increases in
Positive effactive dihedral ('Clﬁ) attributable to the fillet modification
and canard additions occurred dt M= 2,5 and moderate angles of attack.,

The control settings had minimal impact on these-lateral-diractiona) trends.

SUMMARY OE RESULTS

Tests were conducted in the Langley Unitary Plan Wind Tunnel to
determine the effects of wing planform fillet modifications on the
Tongitudinal and lateral-directional characteristics. of a 140A/B Space
Shuttle Orbiter configuration. Results are summarized as follows:

1. The significant effect of the wing fillet modification, S2s
and the canards C3 and C4 was to destabilize pitching moments. The

modifications also produced 's1ight stabilizing increments in dire&tional
stability at high angles of attack.

2. The most forward center-of-gravity 10catidh§ for the modified
configurations were ahead of those for the baseline 1404

/B_configuration,
and the increment decreased with increasing Mach number.

The largest
forward c.g, increment was obtained for the large C4 canard modification

which provided.a 2.5 percent of length extension,
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TABLE [.~ MODEL GEOMETRY

Theorgtical wing:
Areay planform, me (FE2). & v v o v v v v . s
Area, elavon, m® (ft2) ., . . .......
Spany, M (1N0) ¢ ¢ o ¢ 6 v b b b o b e e e

Chord, centerling root, em (1N.)y « « o o o o o

Chofd. tip. cm (1"0) ® 2 8 0 ¢ 0 b 6 0 0 8 0 o

Taper Patio $ 6 6 ¢ 5 04 & 0 6 0 0 6 0 0 0 e @ L]

ASpect Patio o « o ¢ 4 ¢ ¢ 4 b 0 b 6 ae o o ..

Leading-edge sweep angle, deg « v o o & o & . .

Trailing«edge sweep angle, deg + o « « oo o.0 o

Dihedral angle, deg © b 6 0 s b e e e s e
Incidence angle, deg (yo = 5.066 em) o« o « . ...

Tw1st aﬂg]e. deg L I R T T T T S S S S
Airfoi] sect1°n’ tip [ ] ) L ] L ] L ] [ L] [ L] L) L[ L L [ ]
Xo» Wing leading edge, plane of symmetry

-
L3
*
.

Wing planform fillet Sqs baseline:
Leading-edge sweep angle, deg + o o o o o o & &
Xys Wing leading-edge (theoretical) intersection
Wing planform fillet Syt

® & o o @

em (in. ).

0.02499 (0.2690)
0.0019561 (.0210)
23.792 (9.367)
17,607 (6.892)
3.501 (1.378)

« v oo 0.20
¢ ee oo 2,265
oo oo — 450
e oo oo =10.0
¢ o e es 3.5
¢ o e 0.5
e e e 3.0
0012-64 modified
21.234 (8.360)

[ 2 L] . [ L 2 80.9

25.984 (10.230)

Leading-edge sweep angle (forward portion), deg o« o « o o o o + o . G7.4

Leading-edge sweep angle (aft portion), deg + o v o v o o o v o o .  85.0

X s intersection of forward and aft fillet leading edges,

aﬂ nl LA I L Y I I T S T Y S S S ® & & & & ¢ o o

X, intersection of aft fillet and theoretital wing,

Cm 1n0 $ & 8 & & 6 & 2 8 6 0 % 6 8 6 4 s e ¢ ¢ & o

12.929 (5.090)

25,284 (10.230)

L e A e e e b e, T, T el ke . -k



TABLE 1.~ CONCLUDED
Canard C4t
‘Exposed area, M (f2) v 4w u v v e w0
Leading=cdge sweep angle, dog + o« o o o o o
Canard Ugs
Exposed aredl, Mm@ (ft2) v ¢« eeees o o o o
Leading-edge sweep angle, dag « o « & « 4
Vertical tail:.
Area (theoretical), m (ft2) . . .....
Leading-edge—sweep angle, deg .+ « o« o o & &
Root chord (theoreti:al), cm (in.) . ... .
Tip chord (theoretical), om (in.) . ...
Span, o (IN0) « ¢ o 6 ¢ o 6 o b 0 6 0 0o
Fuselage:
Maximum cross-sectional area, m (ft2) , .
Length, cm (1n.) o o o o o ¢ ¢« v o o o o
Maximum width, _em._ (in.) o . ¢ ¢ ¢ o ¢ o s

10

e e
Y5 e

. 0,001241 (0,013363)
. 64.7

. 0,002544 (0,027388)
. 64.7

. 0,003839 (0,041325)

. 45.0
. 6.820 (2.685)
— 2,755 (1,085)
. 8.019 (3.157)

. 0.003595 (.0387)
. 32.774 (12,903)
. 6.797 (2.676)

e e i . AL Tl M o et e
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Xg * 13480 cm (5,307 in)
Xg 7,775 cm (6,998 In)

55,00

5,654 cm (2,226 In)

.. \\)\ T

Xo * 5.969 cih (2,350 in)

Canard C3 (Corifiguration BjWVSqCER)

B.470 ¢t (5,303 in)
L J
54,19 N\
Section AA_(Typical) -
1

l
6,406 cm (2,522 in)

X *5.969 cm (2,350 in) Y

Xo = 18,771 cm (7,390 in)

Canard Cy (Configuration BlwvsochF)

(c) Canatds 03 and C‘1

Flgure 1., - Concluded.
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APPENDIX
Tabulated Data

The data presented herein are tdentified 1n table I1 (Data Set/Run

number—Collation Summary) by confiquration and run number, These data

arc also stored on tape in the Space Shuttle Data System (DATAMAN) ard

are identified by shuttle test number LA-468 and data set ldentifier letters

HR.  Access to the dats may be obtained by writing to the following address:

Chrysler Corporation, Space Division
Dept. 2910, P. 0. Dox 29200
New Orleans, LA 70199
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